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New Method 

5 "Hie present invention concerns a method for the estaUishmen^ 

potent human embiyonic stem cells, the stem cells, differentiation of these cdls into 
differentiated cells, the differentiated cells and the use of these differentiated cells m 
the piqsaratioa of medicaments. The undifiEerentiated pluripotent stem cells can be 
made to differentiate to a number of speciaHzed cell types which can be utilized in 
10 tiie mami&cture of medicaments for treating a number of pathologies of die pan- 
creas, for example diabetes, or pathologies of die CNS. such as stroke, physical 
trauma, or Alzheimer's or Paricinson's diseases. 
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Backeroutid of the invg«iti« ;n) 



IS 



A Stan cell is a cell ^e that has a unique ciQ>acity to renew ilself and 
to give rise to specialized or differentiated cells. Altiioagh most cells of the body, 
such as heart cells or skin cells, are committed to conduct a specific function, a stem 
cell is uncommitted, until it receives a signal to develop into a specialized ceU type. 
20 What makes tiie stem cells unique is flieir proliferative capacity, combined with 
tiiefar ability to become specialized. For years, researchers have focused on fmdiog 
. . ways to use stem cells to replace cells and tissues that are damaged or diseased. So 

V fer, most research has focused on two types of stem cells, embryonic and somatic 

stem cells. Embryonic stem cells are derived from tiie preunplantation embiyo, i.c. 
25 blastocyst, whereas tiie somatic stem cells arepieseat in die adult organism, e.g. 
...T witiiin tiie bone manrow, eptdennis and mteatine. Pluripotency tests have shown that 

whiacas die embtyonic stem cells can give rise to all ceUs in die organism, inchiding 
tile germ cells, somatic stem cells have a more lunited repertoire m descendent ceU 
typ^. . 

*'*•' 30 
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In 1998, investigators were for Ac first time able to isolate ^bryonic 
stem cells from human embryos (from now on termed human embiyonic stem (hES) 
cells) and to grow them in culture. Presently, it is possible to keep at least some of 
these cell lines in a stable slate for prolonged time, this is disclosed in c.g. US 5 843 
780 and in US 6 200 806. 

the procedure used in the patent specifrcati(»is mentioned above de- 
pends on the use of bla8to<^ts with an intact zona pelludda. Furthermore, the 
mettiod disclosed in diese patoits ^)ecifically use mner cell mass cells tfiat have 
been isolated by immunosurgery for plating on mouse embiyonic feeder cells. This 
method has several drawbacks, for example, it is time consuming, technically diffi- 
cult and results in low yields of stem cells. Taken together, these drawbacks make it 
a costly m^od. 



Furtiier, the present invention allows a successful derivatian of human 
embiyonic stem cell lines from hatdhed blastoqnsts and allows for d^ivation of hES 
cell Imes after plating blastocysts with an intact trophectodeim onto feeder cells. 

One of the difBculttes widi previously dracribed methods has been to 
achieve an efficient attadmient of the blastocysts to the feeder cells. This has re- 
sulted m low yields of end-product cells. 

Perhaps the most far-reaching potential application of pluripotent hu- 
man embryonic stem cells (hES) cells is the generation of cells and tissue Hat could 
be used for so-called cell therapies. Many diseases and disorder result from disrup- 
tion of celhUar function or destruction of tissues of the body. Today, donated oigans 
and tissues are often used to replace ailing or destroyed tissue. Unfortunately, the 
number of people suflfering from disorders suitable for treatment by these methods 
fiir outstrips the number of organs available for transplantation. The avaUabOi^ of 
hES cells and the intense research on developing efficient methods for guiding ftese 
cells towards different ceU fates, e.g. insuUn-producing p-cells. oardiomyocytes, and 
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dopainine-producing neurons, holds growing promise for future applications in cell- 
based treatment of degenerative diseases, such as diabetes, myocardial in&rction 
and Parkinson's. 

5 For patients suffering from type. I diabetes the only cure that exists to- 

day is transplantation of intact pancreatic islets from diseased donors. The supply of 
such donated material is of course insufficient for treating all patients sufifering from 
this disease. Therefore, derivation of pancreatic insulin-producing islet-like struc- 
tures from hES cells, or for that matter from any stem cell, may be an attractive way 
10 of treating this disease in the future. 

It has been shown that mouse ES cells can be made to differentiate to 
insulin producing cells (Lumelsky et a!., 2001 ), In addition to the insulin producing 
P cells, these cells give rise to significant numbers of a cells and D cells. These 
15 cells, being mouse cells, axe not applicable for the use in treating humans. 

A requisite for the above-mentioned transplantation of cells is that the 
cells are of human origm. A fiirther requisite for use in medicine is that die cells 
produced are free from any kind of infectious agents that may origmate from serum 
20 or feeder cells of other origin than human. Without ensuring a procedure for isolat- 
mg human embryonic stem cells without any infectious agents or other hazardous 
agents, the cells will not be approved for clinical applications. 

Very recently, it was shown that it might be possible to differentiate 
25 human embryonic stem cells into insulin producing cells (Assady et al., 2001). 

However, the method acccn-ding to these experunents gives low yields of msulin- 
positive cells. Further, it is technically and practically difficult, if not hnpossjblc, 
with this method to isolate mough insulin-positive cells for transplantation. 
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■Summary of the inventton 

The inveotors have now established novel methods for establishing 
human embiyonic cell lines, growing them in an undifferentiated state, as well as for 
diff^entiating these cells into insulin-expr^ing pancieatic islet>like structures and 
neiiron-likfe cells. 



The inventors use a lancedure for establishing hES cell lines, which 
alleviates 4ie need for inmiunosuigeiy, and have devised a mediod to increase the 
eflRciency of attachment of blastocysts to the feeder cells and growth of inner cell 
mass cells. By OMnparing the success-rate in using immunosurgeiy vereus leavii^ 
the trophectodom intact it is clear that the much simpler, fester and non-traumatic 
procedure of avoiding immunosurgeiy is more efficient ftan immunosurgeiy. Tak«» 
together, these novel procedures make the preparation of stem cell lines, and die dif- 
ferentiatimi of diese cell lines commercially feasible, 

The inventors have also developed a mediod for dififerentiating human 
stem cell lines derived by procedures disclosed herein into insulin-producing ceils. 
The mediod gives unexpected high yields of insulin producmg cells and tiiis makes 
it for die first time possible to produce diese cells in amounts great enough to make 
the mediod cbmmerciaUy usefol. The inventors have also shown diat die mediod can 
be applied for die production of di£ferentiat6d neurons (neuron specific betaUI- 
tubulin positive). These cells have a potential use in die production of dopamine- 
producing neurons, which cells could be of use in die treatment of pafliologies in flic 
nervous system such as multiple schlerosis. spina! chord injuiy. enccphalopadiies, 
Parkinson's disease, Huntingdon's disease, stroke, traumatic brain injuries, hypoxia 
induced brain Injuries, ischemia Induced brain injuries, hypoglycemic brain hijuries, 
degenerative disorders of die nervous system, brain tumois. or neuropadries in die 
peripheral nervous syston. 
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According to tiie above, the invention is an essentially pure preparation 
of pluripotent human embryonic stem cells, which i) exhibits proliferation capacity 
in an undifferentiated state for more than 9 months when grown on mhotically inac- 
tivated embiyonic feeder cells; ii) exhibits normal euploid cfaiomosomal kaiyotype; 
iii) maintains potential to develop into derivatives of all types of germ layos; iv) 
exhibits at least two of the following molecular markers OCT^, alkaline pho^ba- 
tase, the carbohydrate eintopes SSEA-3, SSEA-4, TRA 1^0, TRA 1-81, and the 
protein core of a keratin sulfate/chondroitin sul&te pericelhilar matrix pioteioglycan 
recognized by the monoclonal antibodfy GCTM-2exhibits molecular maikers OCT- 
4, alkaline phosphatase and OCTM-2, SSEA-4, v) does not exhibit molecular 
maiker SSEA-1 ; vi) is capable of being made to differentiate into an essentially pure 
insulin producmg cell line, and is also capable of fanning islet-like structures. 

TTie invention is also a method for isolating a pluripotent human onbiyonic 
stem cell line, comprising the steps of; 

a) isolating a human blasto^st; 

b) plating the blastoc^^st on mammalian onbiyonic fibroUast feeder cells; 

c) culturing the blastot^t until colonies have formed that are large enough for 
manual passa^ngg 

d) dissecting inner cell mass cells &om other cell types produced m step c) fol- 
lowed by expanding them by growtfi <m new embiyonic feedor cells. 

The invoition is also a kit for performing the method according to the 
above, ccmiprising at least two of the following components in separate compart- 
ments; hyaluronic acid, pronase, ES-cell medium, and human or mouse embiyonic 
feeder cells 



The invention is also a ceU line established by the method above . 
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Further, the inveittiaD is a method for producing an essentially pure preparation of 
insulin-producing diffomtiated stem cells, comprising the steps of; 

a) expanding human emtHyonic stem cells by growing tiiese on an inactivated 
feeder cell Is^^er in a suitable medium; 

b) generating embryonic bodies by dissociating colonies formed in step a) into 
smaller aggregates or individual cells, followed by transfeciing said aggregates 
or individual cells to non-adherent containers wh«« they are incubated in a suit- 
able medium; 

c) plating the embryonic bodies in containers in a suitable medium; 

d) selecting nestin-posithre neural precursors in ITFSn medium; 

e) expanding pancreatic endocrine progenitor cells in N2 medium comprising B27 
media complement and basic fibroblast growth &ctor; 

0 withdrawing the basic fibroblast growth factor from the medium in step e). 

The invention is also a kit for performing the method above, con^rising at least two 
of the following components in separate compartments; mitomycin C, hES medium, 
EB-medium, USFn-medium, N2-medium. B27-media supplement, nicotinamide, 
and bFOF. 

The hivention is also an essentially pure prepaiation of diffeientiatBd stem cells, 
wherein the cells displ^ the expression of pancreatic ceU type markers, including at 
least one of insulin, Glut-2, Pdx-1, neurogenin, Pax4, Pax6, glucokinase. glucagon 
and somatostatin. 

The invention is also an essentially pure preparation of differentiated stem ceUs, 
wherein the cells display the expression of at least one of the following neuronal cell 
type markers, including neuron-specific P-IH tubulin (TUJl). NeuN, DoubleCortin. 
tyrosine hydn»grlase and Map 2*. 
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The invention is also a use of a preparation according to the above for the manu- 
facture of a medicament for the prevention or treatmmt of pathologies or diseases in 
the pancreas. 

S The invention is also a use of a preparation according to the above for 

the manufacture of a medicament for tiie treatmmt of pathologies or diseases in the 
nervous system. 

The therapeutic potential for these cells is enoimous. The method for 
10 producing these cells can be used for producing basically unlimited amounts of dif- 
ferentiated celts, and the cells themselves can be used for therapeutic purposes, for 
example in the field of diabetes^ Parkinson's disease or any of the other diseases 
mentioned above. 



15 The inventors show tliat nestin*producing neural progenitors derived 

fiom a human ES cell line can give rise to enridied populations of insulin-secreting 
P-cells. Furthermore, the honnone-producing cells spontaneously assemble into 
three-dimensional islet-like clusters. These results are important contributions to- 
wards the future goal to derive pancreatic islet*like clusters from human ES cells 

20 that can be used to substitute for the lack of functicmal pancreatic islets in diabetes* 



The enrichment of insulin-expressing cells as well as their organization 
into pancreatic islet-like structures is essential for thek future use in replacement 
fhmpy. A further advantage of the invention is the fact that the efficiency of insulin 
production is 10-20-fold higher than what has previously been reported^ 

Based onproof-of-principle experiments performed on mouse ES cells it is believed 
that BS cells may have die potoitial to be an effici^ source of diff«»itiated cell 
types that after transplantation can replace injured or diseased celb in various 
pathological conditions, such as diabetes, heart and neurodegenerative diseases and 
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Spinal cord injuries. The inventors demonslration that a high number of insulin- 
producing p-cells can be derived from aestin-posittve neural precursor cells that 
imginate from human ES cells, clearly shows that die first hurdle, i.e. to obtain an 
eori^ed population of pancreatic islet ceils* has been ovarcmne. 

5 

The inventors can demimsfrate the piesence of insulin mRN A and pro- 
tein at the celhilar level, as well as displaying other cell-specific markers chosen 
from the group of; glucose transporter type 2, CGlut-2); glucoldnase; neurogeninS 
(ngn3); homeodomain transcription factor Pdx-l (IPFl/IDXl/STFl); Pax4. which is 
10 a member of the paired homeodomain transcription factor; Pax6, which is a member 
of the paired homeodomain transcription factor family. Furthermore, the cells se- 
ci^ surprisingly high amounts of insulin into the surrounding medium, suggesting 
that they are able to perform their normal function, i.e. to respond to elevated glu- 
cose secreting insulin. 

IS 

It should be noted that the procedure is not limited to fooducing pancre- 
atic p-cells, bat could be applied to any stem cell that can be derived from nestin- 
producing cells, such as tiie ceils in the central nervous ^em. The argument for 
this is that the mechanisms that operate to control the development of both the c«i- 
20 ttal nervous system (CNS) and the pancreas are very similar. 

Short description of the figures 

• ♦ 

m 

: Figure 1 demonstrates the differentiation of insulin-producing islet-like clusters. 

•.. 25 Scal6bars:(A;B)200^M;(C.D,G,H)20MM;(E,F)80HM:(I)S|jM. 



Flpire lA) Phase-cmtrast unage of undifferentiated human emtnyonic stem cells 
grown on mouse embrymiic ftbcoblasts. 
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Figure IB) Phase-contrast image of islet-like eel] clusters obtained after the final 
diiTerentiatton phase. 



Ficure IC) Confocal miage of immunostainings of plated ^nbiyonic bodies aft^ 
S the selection stage fot nestin. 

Figure ID) Confocal image of immunostainings of plated embryonic bodies after 
the selection stage for msulin. 



10 Figure IE) Confbcal image of immunostainings of differentiated islet-lilee clusters 
for p«tubulin isotype III. 



Figure IF) Confocal image of immunostainings of diffia'entiated islet-like chisters 
for insulin. 

15 

Figure IG) Confocal image of immunostainings of differentiated islet-like clusters 
for p-tubulin isotype HI. 



Figure IH) Confocal image of immunostainings of differentiated islet-like clusters 
20 for insulin. 

Figure 11) Confocal image of immunostainings of differentiated islet^llke clusters 
for somatostatin. 



25 Figure 2. Diff'erentiation results in expression of panaeatic cell type markers. Total 
RNA extracted from undifferentiated hES cells (udES) and ^fferentiated cells 
v.ir (dES) was analyzed for tiie presence of mRNAs for p-actin, OCT-4, insulin (In$X 

' GLUT-2 and glucagon (Glue) by RT-PCR. 



20 



25 
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Ffgare S Dtfiferentiated hES cells secrete insulin into the medium. The amount of 
insulin secreted into the medium of differentiated (dES) hES cells was measured 
and conqHoed to the amount of insulin in medium diat has not been in contact with 
cells. 

5 

Figure 4A) Morphology of undifferentiated hES cell line SAOL 

figure 4B) Alkaline phosphatase in undifferentiated hES cell line SAOl. 

10 Figure 4C) hnmunostaming of undifferraitiated hES cell line SAOl with GCTM-2. 

Flgnre 4D) Total RNA extracted firom undifferentiated hES cell line SAOl was 
analyzed for the presence of OCT-4 mRNA by RT-PCR. 

1 S Figure 5A) M<»phology of undifferentiated hES cell Ime SA02. 

Figure 5B) Alkaline phosphatase in undifferentiated hES ceB line SA02. 

Figure 5C) Imnnmostaining of undifferentiated hES ceU line SA02 with GCTM-2. 



Figure SD) Total RNA extracted firom undifferentiated hES cell line SA02 was 
analyzed for the presence of OCT-4 mRNA by RT-PCR. 

Figure 6A) Moiphol<>gy of undifferentiated hES cell line SA03. 

Figure 6B) Alkaline phosphatase in undifferentiated hES cell line SA03. 



Figure 6C) Immunostaining of undifferentiated hES cell line SAOl with OCTM-3. 
Figure 6D) Total RNA extracted from undifferentiated hES cell line SA03 was 
30 analyzed for the presence of OCT-4 mRNA by RT-PCR. 
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Definitions 



As used herein, the tenn ''embryonic stem cell" is draoted ES cells, ami 
5 the human fonn is termed hBS cells. 

As used herein, die term ''embiyoid body " is denoted EB. 

As used herein, the term "EF cells*' means embryonic fibroblast feeder. 
10 These cells could be derived from any mammal, such as mouse or human. 

One suitable medium used in the invention is termed "ES-cell medium'' or 
''ES-medium'' and may be comprised of; KNOCKOUT^ Dulbecco's Modified Ea- 
gle's Medium, supplemmted with 20% KNOCKOUT® S^rum replacement and the 
15 following constituents at their respective final concentrations; SO units/ml penicillin, 
50 |ig/ml streptomycin, , 0«1 mM non<«ssential amino acids» 2mM L-glutamine, 
100|xM P*mercaptoethanoI» 4ng/ml human recombinant bFGF (basic fibroblast 
growth factor), and 2000 U/ml LIF (leukemia inhibitcHy factor) (Gibco BRL). 



20 Another suitable medium for the present invention is *TBB-mcdium" or 

"embryonic body-medium'', this may be comprised as follows; KNOCKOUT® Dul- 
becco's Modified Eagle's Medium, siqiplemented with 20% KNOCKOUT® Serum 
' replacement and the following constituents at thek respective final concentrations: 

50 units/ml penicillin* SO |jg/nil streptomycin, 0, 1 mM non-essential amino acids, 
i 25 2mM L-g^utamine and lOOpM p-metcaptoethanol (Itskovitz-Eldar, J. et al., 2000). 

« • . « 

Ano&er medium for the present invention is 'TFSFn medium** whidi may be 

. I ! ! : comprised of; DMEM/F 1 2 supplemented with 2 mM L-glutamine (GibcoBRL), 5 

f *\ lig/ml insulin, 50 )ig/ml human apotransferrin, 5»2 ng/ml sodium selenite, S (xg/ml 

■ • • 

30 fibronectin (Sigma) (Rizzino and Crowley, 1980). 
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Another medium for flie present invention is N2which may be comprised of; 
DMEM/F12, N2 and B27 supplements, 2 mM L-glutamine, (GibcoBRL), 5 mM 
glucose, 1,2 g/1 sodium bicarbonate, 25 fig/ml insulin, 100 jig/ml human apottans- 
5 ferrin;, 20 iiM progestrarone, 100 nM putiescine, 30 nM sodium selenite, 10 ng/ml 
bFGF (Sigma) (Lee et aL, 2000; Johe et al., 1996; Lumelsky et al., 2001) 

The term "essentially pure" with regards to an insulin producing cell line, as 
defined herein, is meant to define a cell population in which tiie proportion of insu- 
10 lin producing cells is at least 25% of the total number of cells, preferably at least 

35% of the total number of cells, or more preferably at least 45% of the total number 
of celts and/or wherein said insulin producing cells produce at least 300ng insu- 
Un/mg total protein, or preferably at least 380ng inaulin/mg total protein, ox most 
pzeiiarably at least 4S0ng insulin/mg total i»oteui. 

15 

The torm **essentially pure" -witii regards to a neuronal cell line, as (teflned 
herein, is meant to define a cell population in which fte proportion of neuronal cell 
marker-carrying cells, is at least 20% of the total number of cells, preferably at least 
35% of the total number of cells, or more preferably at least 40% of the total number 
20 of cells. 

The insulin producing cells can be further defined by the presoice of at least 
*•.''' one of the following cell markers; glucose transporter type 2, (Glul-2); glucokinase; 

,.!,: neurogenin3 (ngn3); homeodomain transcription factor Pdx-1 (IPF1/IDX1/STT1); 

r*.. 25 Pax4. which is a monber of the paired homeodomain transaription&ctor;Pax6, 

which is a member of tiie paired homeodomain transcriptim &ctor fiunily. Cells ex- 
:! * pressing glucagon and somatostatin are also derived 1^ the present difiTerentiation 

• • • 

* method. 
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The undifferentiated hES according to the present invention are defined by 
the following criteria; they were isolated from human pre*implantation embryos, i.e. 
blastocysts^ and exhibit an unlimited proliferation capacity in an undifferentiated 
state when grown on mitotically inactivated EFs; they exhibit a normal chromoso- 
5 ma! karyotype; tb^ express typical mailcers for uncUfferentiated hES, e.g. OCT-4, 
alkaluie phosphatase, the carbohydrate epitopes SSEA-3, SSEA'4, TRA 1-60, TRA 
I-8I3 and the protein core of a keratin sulfate/chcmdroitin sulfiite pericellular matrix 
proteinglycah recognized by the monoclonal antibody GCTM-2, and do not show 
any expression of the carbohydrate epitope SSEA-L Furthermore, pluripotency tests 
10 in vitro (EBs) and in vivo (teratomas) demonstrate differentiation into derivatives of 
all germ layers. More importantly, these cells are capable of being made to differen- 
tiate into an essentially pure insulin producing cell line, and are also capable of 
fonning islet*like structures. 

IS Detailed description of the invention 

Human blastocysts may be derived from frozm or fresh human in vitro fer- 
tilized embryos. Human embryonic stem cell lines may be isolated either from 
spontaneously hatched blastocysts or from expanded blastocysts with an intact zona 
20 pellucida. 

For hatched blastocysts the trophectoderm may be left intact. Either hatched 
blastocysts or blastocysts with an intact zona pellucida may be put on inactivated 
feeder cells. Feeder cells can be of mouse or human origin. 



f 25 A suitable medium for plating the blastocysts onto feeder cells can be ES- 

medium that may be complemented with hyaluronic acid, which seems to promote 
the attachmmt of the blastocysts on the feeder cells and growth of the inner cell 

• ••• 

*...* mass. Hyalunman (HA) is an important glycosaminoglycan constituent of die extra- 

l.. ' cellular matrix in joints. It appears to exert its bioii^ical effects through binding in- 

30 teractions with at least two cell surface receptors: CD44 and receptor for HA- 
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mediated motility (RHAMM), and to proteins in the extracellular matrix. The posi- 
tive effects of HA during the establishment of hES cells may be exerted through its 
interactions with the sur&ctant polar heads of phospholipids in the cell mraibraae» 
to thereby stabilize die sur&ctant layer and dius lower the surface tension of the in- 
5 ner cell mass or blastocyst ^ich may result in increased efficiency in binding to the 
EF cells. Aftematively, HA may hind to its receptors on the umer cell mass or blas- 
tocyst and/or to die EF cells and exert biological effects which positively influence 
the attachment and growth of the inner cell mass. According to diis, other agents 
that may alter the surface tension of fluids, or in other ways influence the interaction 
10 between the blastocyst and feeder cells can also be used in instead of hyaluronic 

acid. A brief pronase (Sigma) treatment of blastocysts with an intact zona pellucida 
results in die removal of die zona. Other types of proteases with the same or similar 
protease activi^ as pronase may also be used. The blastocysts can be plated onto 
said inactivated feedo* cells following the pronase treatment 

After being plated onto feeder cells, dieir growth is monitored and when the 
colony is large enough for manual passaging (approximately 1-2 weeks afterplat- 
mg)f die cells may be dissected from other cell types and expanded by growdi on 
new feeder cells. 

It is possible to select for nestin-productng neural precursor cells by plating 
human embryoid bodies (EBs) on tissue culture plastics under smun-free condi- 
tions. This procedure promotes survival of nestin-positive cells, whereas most other 
cell types die. At this stage a few insulin-positive cells may be detected among the 

25 nestin-producing progenitors (Fig. IC,D). These cells may thai be expanded in the 
presence of a mitogen, e. g. basic fibroblast growdi factor (bFGF) (Lee et al., 2000; 
Brewer et al., 1993), followed by mitogen wittidrawal to promote cell diffeientta- 
tion. In addition, nicotinamide can be added at a final concentration of 10 mM to 
promote p cell differentiation (Otonkoski et al„ 1993). In our experiments^ cells be- 

30 came arranged in three-dimensional clusters surrounded by neuronal-Iike cells dur- 
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ing the differentiation stage (Fig, IB). Analysis of the expression of various pan- 
cieatic endocrine and neuronal markers, demonstrated that the number of insulin- 
positive cells as well maturing neurons eiq^ressing neuron-specific p-III tubulin 
(TUJl) increased during the differentiation sts^. The cell-clusters were highly en- 
5 riched for insulin-positive cells and surrounded by TUJl-expressing cells (Fig. IE* 
H). Whereas few somatostatin-producing D cells and no glucagon-producing alpha 
cells (a cells) were observed (Fig. 1 1 and data not shown), mBNAs for glucagon and 
somatostatin were detected (Fig. 2 and data not shown). This is in contrast to mouse 
ES cells, which» in addition to p cells, give rise to significant numbers of a cells and 
10 D cells. 

Whereas rnRNAs for ^ical markers of undifferentiated ES cells, such as 
OCT-4 and idkaline phosphaOise, were selectively detected in undifferentiated ES 
cells (Figs. 2, 4B, 4D. SB, SD, 6B, 6D ). mRNAs for pancreatic cell type markers, 
15 including insulin* Pdx-1. Glut*2, ghicokinase, neurogenin-3, Pax4, Pax6, glucagon 
and somatostatin (Fig. 2 and data not shown), were selectively observed in cells de- 
rived from the selection/differentiation scheme. 
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To evaluate the efficiency of p-cell differentiation, the percentage of insulin- 
20 positive cells within the median plane of the cell clusters can be estimated using 

confocal microscopy. In our ejqperiments, approximately 47% of the cells expressed 
insulin. Importantly, this efficiency is 10-20-fold higher tiian previously reported. 
Further analysis of the insulin-positive clusters revealed a topological variation in 

m 

- ^ both the number of insulin-expressing cells and the amount of insulin expressed, i.e. 

y/ 25 Uisulin-expressing cells were enriched within the center of die clusters and celts 

' distributed withui the cento* of the clusters expressed high^ levels compared to 

• • 

• : - cells in the peripheiy (Fig. lE^H). 

To test if the insulin-producing cells may represent p-cells, one experiment 
may be to examine whether the cells are capable of secreting insulin into the me- 
30 dium. Insulin is removed from the differentiation medium and insulin is measured in 



25 
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(he medium after a short (e.g. two days) incubation at the final phase of the differ- 
entiation period. Detection of high levels of insulin in the medium, would indicate 
that the insulin-expressing cells represent mature P-cells. In our experiments, this is 
indeed ttie case (Fig. 3). 

5 

In additicm to die therapeutic potentials, the presented human ES cell system 
offers an attractive in vitro system for studjdng the molecular basis for tlie differen* 
tiation of human insulin-producing P*cells and their assembly into functional insu- 
lin-producing islet-like clusters. 

10 

In accordance to the above, it is one object of the present invention to provide 
a method for establishing a stable undifferentiated embryonic stem cell line. As a 
starting material for this procedure, blastocysts are used. It is a well-known proce- 
dure to prepare the blastocysts and a person skilled in &e art will be able to perform 
IS die preparation of blastocysts. Procedures for this may be found in Gardner et al. 

Embryo culture systems. In Trounson, A. O., and Gardner, D. K. (eds^. Handbook of 
iif vitto fertilization, second edition. CRC Press, Boca Raton^ pp. 205-264; Gardno* 
et al, FertU Sterile 74, SuppI 3, 0-086; Gardner et al. Hum Reprod^ 13, 3434,3440; 
Gardner et aK JReprod Immunol, In press; and Hooper et al, Biol Reprod, 62, SuppI 
20 1,249. 

It is a further object of the present invention to provide a pluripot»t human 
embryonic stem cell line that is capable to differentiate into an essentially pure in- 
sulin producing cell line. 



It is a further object of the invention to provide a pluripotent human embry- 
onic stem cell line that is enable to differentiate into an essentially pure insulin 
producing cell line, which forms an islet like structure characterized by neuronal 
cells and insulin producing p-cells that are enriched within the center. 



30 
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It is another object of the present invention to provide a pluripotent human 
mibiyonic stem cell line that is capable to differentiate into an essentially pure in- 
sulin producing cell line, whereby said insulin producing cell line is charactmzed 
by the proportion of insulin producing cells being at least 40% of the total number 
5 of cells, preferably at least 45% of the total number of cells, or more preferably at 
least 50% of the total number of cells and/or wherein said insulin producing cells 
produce at least 300 ng insulin/mg total protein, or preferably at least 380 ng insu- 
lin/mg total protein, or most preferably at least 450 ng insulin/ing total protein, 

10 Yet a further object of the invention is to provide a method for producing an 

essentially pure prqsaration of diff^entiated. insuhn secreting p-cells from human 
stem cells, comprising the steps of; 

a) propagating human embryonic stem cells by growing cells on an embryonic 
feeder cell layer in a suitable medium such as human embryonic stem cell 

1 S medium as defined herein, 

b) generating embryonic bodies by en^mattc treatmrat or by manual dissection, 
for example by cutting vrith glass capillaries, wh«eby colonies are dissoci* 
ated into individual cells or smaller aggregates with an approximate size of 
(0.2-0.5)x(0,2-0.5) mm, followed by transfenring said pieces to containers of 

20 a non-adherent material, 

c) plating the embryonic bodies on tissue culture containers in embiycmic body 

medium, 

d) selecting nestin-positrve neural precursors m a suitable medium such as 
ITSFn medium, 

25 e) expanding pancreatic endocrine progenitor cells m N2-medium comprising 

B27 media supplement and basic fibroblast growth factor, 
f) withdrawing basic fibroblast growth factor from the medium. 



30 



The feeder cells can be derived from any mammal; feeder cells from human or 
mouse species are preferred. 
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The manual dissection in step b) may be performed by using glass capillaries as a 
cuttii^tool. 

5 It is a ilKther object ofthe invention to provide an essentially pure prqM»a> 

tion of differentiated cells obtainable 1^ fte method according to the diffcsentiation 
method above, in which the cells are characterized by the expression of pancreatic 
cell type markers, including at least one of insulin, Glut-2, Pdx-1, neurogenin, Pax4. 
Pax6» glucokinase, glucagon and somatostatin, whereby die amount of said insulin 

1 0 produced is at least 450 ng insulin/mg totd protein. 

Yet another object of die invention is to provide an essentially pure prepara- 
tion of differentiated cells, obtainable 1^ die me&od according to claim 1, which 
cells are characterized by the e^qxressicm of pancreatic cell type maricers. including 
15 insulin. Glut-2, Pdx-1, neurogenin, Pax4, Pax6, glucokmase, glucagon and somato- 
statin, in whidi the proportion of insulin-producing cells is more dian 50% of the 
total number of cells. 



Yet anottier object of the invention is to provide an essentially pure prepara- 
20 tion of differentiated stem cells obtainable by the method according to the differen- 
tiation method described above, characterized by the e^qnession of CNS cell type 
markers, including at least oae of newon-specific P-III tuixilin (TUJI), NeiiN» 
'']'' DoubleCortin, tyrosine hydroxylase and Map 2. 

V 

* 25 Procedures for the detection of cell markers can be found hi Gage, F. R. Sci- 

' ence, 287:1433-1438 (2000). The procedures are procedures that are well known for 

the skilled person and include methods such as RT-PCR or immunological assays 
*!!!• where antibodies durected against the cell markers are used. 
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A further object of the invention is to provide an essentially pure prepa- 
ration of embryonic stem cells that can be made to differentiate into oligodendro- 
cytes, and also to provide an essentially pure preparation of oligodendrocytes pre- 
pared by this method. Oligodendroc^s can be characterized by the presence of cell 
S maricers such s RIP, GalC or 04. 

According to the invention, cells that have been dififerentiated into neu- 
ronal type cells, carrying markers such as those mentioned above, or into oligoden- 
drocytes» may be used in the preparation of a medicament for the treatment and/or 
10 prevention of diseases such as multiple schlerosis, spinal chord injury, encepha- 
lopathies, Parkinson's disease, Huntingdon's disease, stroke, traumatic brain inju- 
ries, hypoxia induced brain injuries, ischemia induced brain injuries, hypoglycemic 
brain injuries, degen^ative disorders of the nervous system, brain tumws, or neu- 
ropathies in ttie peripheral nervous system. 

15 

A further object of die inventi<Hi is to provide cells that may be used for 
the preparation of a medicament for treating and/or preventing diseases that may be 
cured by ''cell genesis". By the term "cell genesis'' is meant flie generation of new 
cells such as neurons, oligodendrocytes, Schwann cells, astroglial cells, all blood 
20 cells, chondrocytes, cardiomyocytes, oligodendroglia, astroglia, and/or different 

types of epithelium, endothelium, liver-, kidney-, bone-, connective tissue-, lung tis* 
sue-, exocrine and endocrine gland tissue^cells. 

Yet anoUier object of the invention is to provide an essentially pure prepara- 
' 25 tton of differentiated stem cells produced by the method described above» cbarac- 
r terized by being comprised of insulin-producii^ cells in the center and neuron-type 

cells. 
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In one embodiment of the invention, there is provided the use of the prepara- 
tion of differentiated cells mentioned above, for the manufacture of a medicament 
for the prevention and/or treatment of pathologies or diseases in the pancreas. 

5 In one embodiment of the invention, there is provided the use of the prepara- 

tion of the above mentioned differentiated cells, for the manufiEwture of a medica- 
ment for tiie prevention and/or treatment of diabetes. 

In one embodiment of the invention, there is provided the use of the prcpara- 
10 tion of the above mentioned differentiated cells, for the prevention and/or treatment 
of type I diabetes. 

In one embodiment of the invention, there is provided the use of the prepara- 
tion of the above mentioned differentiated cells, for tiie manufecture of a medica- 
1 5 ment for tfie treatment of patiiologies or diseases in tiie nervous system. 

In one embodiment of die invention, there is provided tiie use of a prepara- 
tion of die above mentioned differentiated cells, for tiie manufacture of a medica- 
ment for the treatment of pathologies or diseases in the nervous system, chosen from 
20 ttie group of multiple schlerosis, spinal chord injury, encephalopatiiies, Parkinson's 
disease. Huntingdon's disease, stroke, traumatic brain injuries, hypoxia induced 
brain injuries, ischemia induced brain injuries, hypoglycemic brain injuries, degen- 
erative (fisordets of flie nervous system, brain tumors, or neuropathies in (he periph- 
eral nervous systnn. 



In one embodhnem of die invention, a kit for performmg tiie differentiation 
method mentioned above, comprising at least two of ti»e following components m 
separate compartments; mitomycm C, ES medium. EB-medium, ITSFn-mcdium, 
N2-medium, B27-media supplement, nicotinamide, orbFGF is provided. 



30 
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bi yet another embodiment of the invention, a kit according to claim 10» fur- 
ther comprising a preparation of undifferentiated embryonic stem cells is provided. 
A preparation of undiffi^tiated stem cells prepared by the method according to the 
preparation method described above is preferred* 

5 

The invention will now be described with reference to tfie following exam- 
ples. The examples are included ha*ein for illustrative purposes only and are not in- 
tended to limit the scope of the invention in any way. The methods described h&cem 
are well known to a person skilled in the art and all reagents and buffers are readily 
10 . available, either commercially or easily prepared according to well-established pro- 
tocols in the hands of a person skilled in the art. All incubations were in 37°C, un* 
der a CO2 atmosphere. 



Example 1 

1 S Establishment of an essentially pure preparation of undififa*entiat6d stem cells firom 
spontaneously hatdied blastocysts. 

Himian blastocysts were derived from frozen or fi^sh human in vitro 
fertilized embryos. Spontaneously hatched blastocysts were put directly on EF cells 
20 in ES cell medium (KNOCKOUT Dulbecco's Modified Eagle's Medium, supple- 
mented with 20% KNOCKOUT Serum replacement, and the following constituents 
at die final concentrations: SO units/ml penicillin. SO ixg/nd streptomycin, 0. 1 mM 

• • ■ 

non-essential amino acids, 2mM L-glutamine, lOQmM p-mercaptoethanol, 4ngAnl 
human recombinant bFGF (basic fibroblast growdi bctor), and 2000 U/ml LIF 
:**.. 25 (Gibco BRL)), supplemented with 0. 125 mg/ml hyaluronic acid. After plating the 
..*:' blastocysts on the EF cells, growth was monitored and when the colony was laige 

* 

. . I r enough for manual passaging approximately 1 -2 weeks after plating) the inner cell 

mass cells were dissected from other celt types and expanded by growth on new EF 
[J cells. 



30 
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Establishment of an essentially pure preparation of undifferentiated stem cells firom 
blastocysts -with an intact zona pellucida. 

For blasto<^ts with an intact zcm pelhicida, a brief pronase (10 U/tail, Sigma) in- 
cubatira in iS2 (ICNf-2) medium (Vitrolife, Gotiienburg. Sweden) was us^ to di- 
gest Ifae zona, afler which the blastocyst was put directly on the EF cell layer in ES 
medium siqsplemoited with hyaluronic acid (0. 12S mg/ml). 

Example 3 

The cells were harvested for RT-PCR and histological (alkaline phosphatase) and 
immimocytochcanical analysis (see below). 

RNA isolation and RT-PCR. Total cellular RNA was prepared using Rneasy Mini 
mt (Qiagen) accwding to the manu&ctura-'s reconmendations. The cDNA synthe- 
sis was carried out usmg AMV First Strand cDNA Syntfiesis Kit for RT-PCR 
(Roche) and PCR using Platinum Taq DNA Polymerase (Invitrogcn). Histochemical 
staining for alkaline phosphatase was carried out using commercially available kit 
(Sigma) following the manufacturer's recommendations. 



Mouse embiyonic fibroblasts feeder cells were cultivated on tissue culture 
25 dishes in EMFI-medium: DMEM (Dulbecco's Modified Eagle's Medium), supple- 
mented with 10% FCS (Fetal Calf Serum). O.lmM P-meicaptoehanol 0> 50 units/ml 
penicillin, SO Mg/ml streptomycin and 2mM L-glutamine (GibcoBRL). The feeder 
cells were mitotically inactivated witii Mitomycin C (lOfig/ml, 3 hrs). Human em- 
bryonic stem cell-colonies were expanded by manual dissectiffli onto inactivated 
30 mouse embiyonic fibroblasts feedor cells. 



28xl2/'20ai 16te3 (UJilHhe STOCKHOLM PB * fk^ hf^.Qie 024 

aa 59887319 

Inlet Patent- ochre:).)^^ . 

^ 2001 -12- 2 8 

Huvudfaxen Kossan 

Human embryonic stem cells were cultured on milotically inactivated mouse 
embryonic fibroblasts feeder cells in tissue culture dishes with ES-ceU medium: 
KNOCKOUT* Dulbecco's Modified Eagle's Medium, supplemented with 20% 

5 KNOCKOUT® Serum replacement and the following constituents at tfieir respective 
final concentrations: 50 units/ml peniciUin, 50 ng/ml streptomycin, 0.1 mM non- 
essential amino acids, 2mM L-glutamine, lOOpM p-mercaptoethanol, 4ng/inl human 
recombinant bFGF (basic fibroblast growth factor), and 200O U/ml LIF (leukemia 
inbibitoiy factor) (Gibco BRL). Seven days after passage the colonies were large 

1 0 enough to goierate embtyoid bodies. 

ES cell colonies were cut with glass ctqpillaries into 0,4x0.4 mm pi«:es 
uid plated on non^adherent bacterial culture dishes containing EB-medium: 
KNOCKOUT* Dulbecco's Modified Eagle's Medium, supplemented with 20% 
15 KNOCKOUT® Serum replacement and the following constitnents at their respective 
final concentrations: 50 units/ml penicillin, 50 ng/ral streptomycui. 0,1 mM non- 
essential amino acids. 2mM L-glutaraine and lOOuM P-mercaptoeflianol (Itskovitz- 
Eldor, J. et al., 2000). The EBs, including cystic EBs, formed over a 7.9-day period. 

20 The embryoid bodies were transferred to tissue culture plates with EB 

medium. Plating of EBs normally took place during a 7-10-day period. After plating 
the medium was changed to ITSFn medium: DMEM/F12 supplemented with 2 mM 
i* L-glutamine (GibcoBRL), 5 {igAnl inisulin, SO |ig/ml human cqpotransfenin, 5,2 

ng/ml sodium selenite, 5 ^g/ml fibronectin (Sigma) (Rizzino and Cnxwley, 1980). 
25 The selection phase within the ITSFn medium lasted for sev«i di^. 

IV This is a critical step for increasing the proportion of nestin-positivc 

cells because many other cell types die in this serum-free medium. The ITSFn mc- 
./ dium was changed every other day. Inummocytochemical analysis was perfomied at 

30 day 7 of the selection phase. 
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The cells were dissociated by trypsin (trypsin 0,05 EDTA 0,04 % in 
PBS) and plated on tissue culture dishes, precoated with 15 pg/ml poly-L-omitbine 
(Sigma) and 1 |ig/inl laminin (OibcoBRL) at a CQncentration of 2 x 10^ cells/cm^. 
S Cells were also plated on glass coverslips, precoated as above, for immunocyto- 
chemical analysis. An expansion medium (N2 medium) was used: DMEM/F12, N2 
supplement, B27 supplement, 2 mM L-glutamine, (GibcoBRL), 5 mM glucose, 1,2 
g/I sodium bicarbonate, 25 ng/ml insulin, 100 jig/ml human apotransferrin;, 20 nM 
progesterone, 100 (iM putrescine, 30 nM sodium selenite, 10 ng/ml bFGF (Sigma) 
10 (Lee et aL, 2000; Johe et aL, 1 996; Lumelsky et a!., 2001). The DMEM/F12 con- 
tained 17,5 mM glucose, therefore Ihe total glucose c<mcentration was 22,5 mM. 
The medium was changed every other day during a 7-day p^od. After two days^ a 
moridiological rearrangement was observed, the cells began to assemble into islet- 
like clusters. Between the clusters neuron-like projections could be observed. 

15 

To induce the differentiation of the progenitor cells to insulin secreting 
islet-like clusters a diflereatiation medium with the following composition was 
used: DMEM/F12, N2 and B27 supplements, 2 mM L-glutamine, (GibcoBRL), 5 
mM glucose, 1,2 g/I sodium bicarbonate, 25 ^g/ml insulin, 100 ^g/ml human apo- 
20 transfemn;^ 20 nM progesterone, 100 i^M putrescine, 30 nM sodium selenite and 10 
mM nicotinamide (Sigma) (Lee et al., 2000; Johe et al., 1996; Lumelsky et al., 
2001). The medium w£^ changed eveiy other day during a 12-14 day period. 



Example 5 



The following experiment was carried out to measure the amount insulin secreted 
into the medium. The differentiation medmm was exchanged for insulin-fiee me- 
dium consisting of DMEM^12, N2 and B27 supplements, 10% FCS, 2 mM L- 
glutamine (OibcoBElL), 5 mM glucose and 10 mM nicotinamide (Sigma), for two 
30 days at the end of the differentiation phase. Insului content in medium was meas- 
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ured using a human insulin radioimmunoassay (RIA) kit (Phannacia insulin RIA 
100, Phannacia & Upjdtn Diagnostics AB). Cells were solubilized and protein con- 
(»ntrations det^mined using Bio-Rad protein assay syston (Bio-Rad). 

The cells were harvested for RT-PCR and immunocytoduanlcal analy- 
sis and the medium collected for RIA at day 14 of the differentiation stage. 

The amount of insulin produced by these cells is estimated by measur- 
ing the amount of insulin secreted Into the media, and is then correlated to the 
amount of total protein in the cell. 

PMmple^ 



RNA isolation and RT-PCR. Total cellular RNA was prepared using Rneasy Mini 
Kit (Qia^> according to the manu&ctuzer's recommendations. The <d:>NA synthe- 

15 sis was carried out using AMV First Strand cDNA Syntibesis Kit for RT-PCR. 

(Roche) and PGR using Platinum Taq DNA Polymerase (Invitrogen). Forward and 
reverse primer sequences from S* to 3* direction and the length of die amplified 
products were as foUows: OCT.4: QOCGTTCTCTTTGGAAAGGTGTTC and 
CTCGAACCACATCCTTCTCT (312 bp), P-actin: TGGCACCACACCTTCTA- 

20 CAATGAGC and GCAC AGCTTCTCCTTAATGTCACGC (400 bp), GLUT.2: 

GTACAATGACAGAAGATAAG and TGCTACTAACATGGCTTTGA (398 bp), 
glucagon: GAATTC ATTGCTTGGCTGGT and CATTTCAAACATCCCACOTG 
(255 bp) and insulim GCCTrTGTGAACCAACACCTG and GTTGCAG- 
TAGTTCTCCAGCTG(261 bp). 



The results are seen in figures 1 and 2. The percentage of insulin producmg cells 
varies from 22-62% (n=6), mean=47%. 



Example 8 



30 
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Immunocytochemical analysis: Cells grown on poly-ornW£ffiinitie-coated glass 
coverslips were fixed in 4% parafonnaldehyde in phosphate-buffered saline (PBS) 
for 1 5 minutes. Immanolluorescence was carried out with the use of standard proto- 
cols. Brie^, the cells were washed after PFA fixation, petmeabilised in 0,25% 
5 Triton-X-100 in PBS for 10 nmiutcs. washed in PBS, blocked in PBS supplemented 
widi 5% goat serum and 0,1% Triton-X-100, after which the primary antibodies 
were diluted in PBS supplemented with 1% goat senun, 0.1% Trildn-X-100 and 
added for 3 hours at room temperature. The following primary antibodies wane used 
at following dilutions: rabbit anti-glucagon 1 :50 (Zymed), rabbit anti-soraatostatin 

10 1 :50 (Zymed), guinea pig anti human insulin serum 1 :500 (Linco), mouse anti nestin 
antibody 1:50 (BD Transduction Laboratories) and monoclonal anti-p-tubuiin iso- 
type III 1 :50 (Sigma). After the primary antibody incubation the cells were washed 
in PBS supplemented with 0.1% Tfiton-X-100, foUowed by incubation with the 
conjugated ^condary antibodies and streptavidin, eadi for 1 hour. For detecticm of 

1 5 primary antibodies the following secondary antibodies were used: Biotmjdated anti 
guinea pig 1:1000 (Vector), FITC-conjugated sticptavidin 1:500, Cy3 anti-mouse 
1:300, Cy3 anti-rabbit 1:100, Cy3 conjugated streptavidin 1:1000 (Jackson). 
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Claims 

1) An essentially pure preparation of pluripotent human embiyonic stem cells, 
which i) exhibits proliferation capacity in an undifferentiated state for more than 

5 9 months when grown an mitotically inactivated embryonic feeder cells; ii) ex- 

hibits normal ei^loid chromosomal icaiyotype; iii) maintains potential to develop 
into derivatives of all types of germ layers; iv) exhibits at least two of the fol- 
lowing molecular markers OCT-4, alkaline phosphatase* the carbohydrate qpi- 
topes SSBA*3, SSEA-4. TRA 1-60, TRA 1-81, and the protein core of a keratin 
10 sulfate/chondroitin sulfate pericellular matrix proteinglycan recognized by the 

monoclonal antibody GCTM-2exhibits molecular markers Oct*4, alkaline phos- 
phatase and GCTM-2, SSEA-4, v) does not exhibit molecular marker SSEA^l; 
vi) is capable of being made to dififerentiate into an essentially pure insulin pro* 
ducing cell line, and is also capable of forming islet-like structures. 

IS 

2) Tlie preparation according to claim 1 wherein die proportion of insulin producing 
p-cells is higher than 40%, or preferably highv than 4S%, or more preferably 
higher than 50%. 

20 3) The preparation according to claim 1 or 2, which produces at least 300ng insu-- 
lin/mg total protein^ preferably at least 380ng insulin/mg total protein or most 
preferably at least 4S0ng insulin/mg total protein. 

4) A method for isolating a pluripotent human embryonic stem cell line, comprising 
25 the steps of; 

a) isolating a human blastocyst; 

b) plating the blastocyst on mammalian ranbryonic fibroblast feeder cells; 

c) culturing the blastocyst until colonies have formed that are large enough for 
manual passaging; 



93B 



16:03 



ALBIHNS STOCKHOLM ftB F*?li 
08 59887319 



ink,tl^snt-oi 




NR.eie 



30 



20D1 -1 



5 

J7 



10 



IS 



20 



• • ♦ 

• ♦ • 

25 

• « « 

♦ • • 
r • 



: : 30 



Huvudfoxen Kassan 

d) dissecting inner cell mass cells from other cell types produced in step c) fol- 
loived by expanding them by growth on new embiyonic feeder cells- 

5) The method according to claim 4 in which the blastocyst in step a) is a spontane- 
ously hatched blastocyst. 

6) The method according to claim 4 in which the blastocyst has been treated with 
pronase prior to step b). 

7) The mefliod according to claim 4-6 in which step b) is performed in the presence 
of hyaluronic acid. 

8) The method according to claim 4-7 in which step c) is performed in the presence 
of hyaluronic acid. 

9) The method accordmg to claims 4-8 in which the feeder cells are of mouse or 
human origin. 

10) A cell line established by the method according to claims 4-9. 

1 l)Method for producing an essentially pure preparation of insulin-producing dif- 
ferentiated stem cells, comprising the steps of; 

a) expanding human embryonic stem cells by growing these on an inactivated 
feeder cell layer in a suitable medium; 

b) generating embryonic bodies by dissociating colonies formed in st^ a) into 
smaller aggregates or individual cells, followed by transferring said aggre^es 
or individual cells to non-adherent containers where tb<^ are incubated in a suit- 
able medium; 

c) plating the ^bryonic bodies in containers in a suitable medium; 

d) selecting nestin-positive neural precursors in ITFSn medium; 
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e) expanding pancreatic endocrine progenitor cells in, N2-medium comprising B27 

media complement and basic fibroblast growth factor; 
0 changing the medium to a basic fibroblast growth factor-free N2 medium. 

12) Method according to claim 1 1 in which the human embiyonic stem celts are the 
cells according to claims 1-3. 

13) Method according to claims 1 1-12 in which the medium used in step a) is human 
eminyonic stem cell medium. 

14) Metfiod according to claim 1 1-13 in which the medium used in step b) is embry- 
onic body medium. 



15) Method according to claims 1 1-14 in which the medium used in step c) is em- 
IS biyonic body medium. 

16) Mefhod accordmg to claims U-IS in which nicotinamide is added afto- st^ f). 

17) An essentially pure preparation of differentiated stem cells, wherein the cells 
20 display the ^pression of pancreatic cell type markers, including at least me of 

insulin, Glut-2, Pdx-1, neurogenin, Pax4, Pax6, glucokinase, glucagon and so- 
matostatin. 

18) The preparation according to claim 16, which is capable of producing at least 
25 320ng insulin/mg total protein* preferably at least 380ng insulin/mg total protein 

or most inreferabiy at least 420ng msulin/mg total protein. 



30 



19)The preparation according to claims 16-17, in which preparation the proportion 
of insulin producmg ceils is at least 35%> preferably at least 45% or most pref- 
erably at least 50%. 
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20)The preparation according to claims 16-18, characterized its organization into 
istet-like structures comprising an inner core of p-ceUs sunrounded by an outer 
layer of neuron-type cells, which neuron-type cells display e}q)ression of at least 
one of the following neuronal cell type matkos, including neuron-^ecific p-UI 
tubulin (TUJl), NeiiN, DoubleCortin, tyrosine hydroxylase and Map 2. 



21) Thc preparation according to claims 16-18, obtained by the method according to 
claims 11-15. 

LO 

22) An essentially pure preparation of differentiated stem cells, wherein the cells 
dlspky the (»qpi«ssion of at least one of the following neuronal cell type markers, 
including neuron-specific p-m tubulin (TUJl),NeuN, DoubleCortin, tyrosine 
hydroi^Iase and Map 2. 

IS 

23) The preparation according to dauns 21, obtained by the mettiod according to 
ckums 11-15. 

24) An essentijdiy pure preparation of cells obtainable by the method aocordii^ to 
20 claims U-15. 

25) Use of a preparation according to claims 16-20 or claim 23 for the manufacture 
of a medicament for tiie prevention or treatment of pathologies or diseases m the 
pancreas. 

25 

26) Use accofding to claim 25, in which the disease is diabetes. 

27) Use according to claim 25 or 26, in which tiw disease is type 1 diabetes. 



2a'12/'^l 16:93 PILBIHNS STOCKHCSJI f^B f4«J NR.Bie D34 

08 59887319 ink. t Fstsnl- och reg.vefket 

2301 8 

Huvudfaxen Kassan 

28)Use of a preparation according to claims 21-23 for the manufacture of a me* 
dicament for the treatment of pathologies or diseases in the nervous system. 



29) Use according to claim 28, in which the disease can be chosen from the follow- 
S ing diseases or disturbances; multiple schlerosis, spinal chord injury, encepha- 
lopathies. Paileinson's disease, Huntingdon's disease, stroke, traumatic brain in- 
juries, hypoxia induced bram injuries, ischemia induced brain injuries, hypogly- 
cemic hrmn injuries, degenerative disorders of tibe nervous system, brain tumors, 
or neurc^athies in the peripheral nervous system. 

10 

30) Kit for performing the method according to claims 4-9, comprising at least two 
of the foUowmg components in separate compartments; hyaluronic acid, pro- 
nase, ES-cell medium, and human or mouse embryonic feeder cells 

15 31)Kttaccordingto claim 30 further comprising blastOQrsts with an intact zona 
pelludica or spcmtaneousfy hatched blastocysts. 

32) K]t for perfomiing the method according to claims 1 MS, comprising at least 
two of the following components in separate compairtments; mitcmiycin C, hES 
medium, EB-medium, ITSFn-medium, N2-medium, B27-media supplement, 
nicotinamide, and hFGF. 

33) Kit according to claim 32, further comprising an essentially pure human embry- 
onic stem cell line according to claims 1-3. 
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The present invention concerns a method for the establishment of phiri- 
potent human embryonic stem cells, the stem cells, differentiation of these cells into 
differentiated celb. the differentiated cells and the use of these differentiated cells in 
the preparation of medicaments. The undifferentiated pluripotent stem cells can be 
made to differentiate to a number of ^ecialized cell types which can be utilized in 
the manufactuie of medicaments for treating a number of paUiologies of the pan- 
creas, for example diabetes, or pathologies of the CNS. such as stroke, physical 
trauma, or Alzheimer's orParidnson's diseases. 
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